The effect of UV irradiation and blending with phthalate and terephthalate plasticizers on the photo-stability of Poly (4-vinyl biphenyl) was studied at different intervals of irradiation time and in presence of air. The increase in irradiation time on the photodegradation of polymer thin films caused a change in the intensity and shape of the fluorescence band. It has been found that the stability of the polymer decreases with the increase of irradiation time, and to increases with the increase of the amount of added phthalate and terephthalate plasticizers, which is evidence of polymer photodegradation.
Introduction
Polymer degradation is very important aspect due to the environmental research and their use in industry. The photogegradation of polystyrene (PS) and substi-Materials Sciences and Applications tuted polystyrene (SPS) is of interest with respect to both the preparation of new polymers and to the stability of these polymers towards UV irradiations. However, since polystyrene (PS) and substituted polystyrene (SPS) were found to degrade easily upon exposure to light energy, several mechanisms were proposed but a totally consistent theory is yet to be agreed upon, due to the complexity of the photodegradation processes that yield different photo products [1] [2] . The nature of photo products resulted from exposure of polymer chains to light energy was found to depend on the substituted group in the styrene chromophores, and to the environment of degradation [3] [4] [5] [6] . The photodegradation of polymeric chains in presence of air is started by the formation of excited chromophores are formed and then other process such as photo-oxidation, chain scission and cross linking take place [7] [8] .
It has been suggested two mechanisms for the photo-oxidation of polymeric structures; the first is the photoreaction that is based on the dissociation of excited peroxide macro radicals, leading to the formation of water and carbon dioxide molecules; the second mechanism is hydroperoxides mechanism, which is to form the ( * 2 RO ) radicals that reacts with the polymer structures to produce hydroperoxides radicals. A subsequent (ROOH) decomposition results in the scission of polymeric chains and the formation of high molecular oxidation products such as carbonyl, alcohols and ethers [9] [10] [11] [12] . Photogegradation of polymeric chains in presence of air is triggered by the formation of peroxy free radicals, which degraded the polymeric structures through a series of chemical reactions, which lead to chain scissions and cross linking in the polymeric back bone. It was found that the mechanism of photodegradation of polystyrene and substituted polystyrene depends upon the mobility of free radicals in polymeric matrix, and their bimolecular combination [13] . As a result of decomposition of irradiated chromophores, Hydrogen radicals are formed, and they diffuse through the polymer matrix and finally initiate a free radical decomposition of polymer chains [14] [15] [16] . The photo-oxidation mechanism of PS chromophores in solid films is dependent upon the rate of oxygen diffusion into the polymer matrix, and to the formation of charge transfer complexes between polymer structures and oxygen molecules [17] . The photo-oxidation process depends on the reactivity of the formed polymeric radicals with oxygen molecules and to the diffusion process of oxygen into polymeric matrix. The combination of the formed micro-radicals will lead to the cross-linking. As a result of the photo-oxidation of polymeric chains, a number of different photoproducts are reported [18] - [24] . Hydroperoxides, carbonyl and hydroxyl compounds were the main products that have been reported on the bases of IR and UV-visible analysis [4] [5] .
Electrophilic substitution is a general route for preparation of ring substituted polystyrene. It has been reported that photodegradation of most of substituted polystyrene are more easily photodegradable than polystyrene, owing to the weak bonds in substituted polystyrene structures. The studies of photodegrada- It should be pointed out that polymeric additives were found to accelerate the radiation-induced degradation of polystyrene and substituted polystyrene [9] [25]. Phthalate and terephthalate as additives to substituted polystyrene causes an increase in its flexibility, but increase the stability of the polymeric chains [26] [27]. It was also found that the photo-stability of polystyrene was reduced by the addition of bromine-containing flame retardants, carbonyl group, or poly vinyl acetate, and appeared to depend upon the chemical structure of the polymeric additives [28] - [32] . It was found that the increase in the amount of doped plasticizers decrease the stability of polymeric chains and the increase in irradiation time of the UV-light causes also an increase in the efficiency of photodegradation process [33] - [39] . In many recent studies, it was found that blending with phthalate plasticizers were more efficient in increase in the photodegradation of polymeric chains than blending with terephthalate plasticizers [30] [31] [32] .
The efficiency of photodegradation of polystyrene and substituted polystyrene was found to increase with increase in exposure times and to increase with the increase in the added mass of added plasticizers [33] - [39] . The changes in the average molecular weight in photo-oxidized PS were produced as consequences of chain dissociation by Norrish Type II reaction [34] . Phthalate plasticizers were more efficient in the increase in the photodegradation of irradiated polymeric chromophores in solid films [31] [32].
According to the reported work on substituted polystyrene, no work has been reported on the photodegradation of pure and plasticized poly (4-vinyl biphenyl) in solid films. It was found to be used in binding to other polymers, such as poly (α-methylstyrene) and poly (triarylamine). The binding polymers are normally used to improve film formation in a large area uniformly and to help the poly (triarylamine) to form a stronger binding between source/drain electrodes onto dielectric layer in the active channel material of an organic thin film transistor [40] .
In the present work, the photodegradation of irradiated poly (4-vinyl biphenyl) films, and the effects of blending with phthalates and terephthalate plasticizers on the photo-stability were investigated with the following aims: 1) To investigate the possible influence of ring substitution on the mechanism of photochemical reaction of irradiated poly (4-vinyl biphenyl), (PVBP) films and also to compare its photo-stability with that of polystyrene and other substituted polystyrene.
2) To study the effect of blending poly (4-vinyl biphenyl), (PVBP) with phthalates and terephthalate plasticizers on the photo-stability, and to select the and were found to give no detectable absorption in the range (265 -400 nm).
Preparation and Irradiation of Plasticized Polymeric Solid Films
Poly ( All solid films were exposed to the same rate of irradiation intensity for different intervals of irradiation time in air, from (0.0 -120 min). The intensity of incident radiation was (4.9 mW/cm 2 ), and the distance between light source and samples was (5 cm).
Absorption and Fluorescence Spectra Measurements
UV-Vis absorption spectra of non-irradiated PVBP and the used plasticizers Fluorescence spectra of pure and blended polymer solid films were recorded on JASCO-FP 6500 Spectrofluorometer. The parameters were constant for all measurements, and the excitation wavelength was 288 nm. The emission wavelength range was 290 -550 nm, and all fluorescence spectra for solid films were obtained using a thermostated solid sample holder at 298 K.
FT-IR Spectroscopy
Infrared spectra were collected using a NICOLET-MAGNA-IR-560 spectrometer, (the manufacturer Thermo Nicolet Corporation, Madison, USA). The working wavenumber range of the spectrometer was from (4000 to 500 cm ) optical resolution and 3 scan repetitions per analysis. The FT-IR spectra were recorded for the irradiated and the non-irradiated polymer films, whereas the transmittance was plotted as function of the wavenumber.
Results and Discussion

The Absorption Spectra of Poly (4-Vinyl Biphenyl) and Phthalate and Terephthalate Plasticizers
The UV-absorption spectra of both, poly (4-vinyl biphenyl), the phthalate and terephthalate plasticizers in dichloroethane solutions at room temperature are shown in Figure 1 (a) and Figure 1 (b) respectively.
Poly (4-vinyl biphenyl) molecular structure.
As can be seen from Figure 1 (a), the absorption spectrum of poly (4-vinyl biphenyl) was found to absorb radiation in the UV-region in the range of (270 -330 nm) with a maxima at (288 nm), approximately similar to those of polystyrene and other substituted polystyrenes. The small changes in the position and the shape of absorption spectrum may be attributing to the chemical structure and the position of substitution in phenyl ring [6] . The excitation wavelength that has been used for PVBP films was 288 nm for fluorescence spectra and FT-IR spectra measurements. Both phthalate and terephthalate plasticizers absorb radiation in the range of (215 -262 nm) and are far away from the absorption region of PVBP films, as shown in Figure 1 (b). is shown in Figure 3 .
Effect of UV-Irradiation
The fluorescence spectra of blended PVBP films with, (5% wt, 10% wt and 15% wt) DOP are shown in Figure 4 . It is more likely that this red shift occurs as result of photodegradation of the polymeric chains, and can be attributed to the formation of conjugated double bonds along the polymer chain during the photodegradation by hydrogen abstraction process [36] [42] . The shift in the excimer fluorescence band is in good agreement with that reported with irradiated blended polystyrene [8] , poly (4-methoxystyrene) [30] and poly (4-methylstyrene) [32] . Tovborg and Kops [36] pointed out that quenching of polymeric emission might be attributed to the energy transportation of the oxides formed by the photo-oxidation of polymeric chromophores, or to the quenching effect of the peroxide formed during UV-irradiation.
Blending of PVBP solid films with different percentages of DMT, DET, DOT, DBP and DOP plasticizers, showed only decrease in the intensity of the fluorescence bands without formation of exciplex fluorescence at longer wavelength.
Most likely, the energy transfer complex formed between the polymer chromophore and the plasticizer molecule is not stable enough to give exciplex fluorescence emission [41] . The decrease in excimer fluorescence may be attributed to;
first, quenching of excited polymer chromophores by plasticizer molecules [41] ;
second, to the distraction of polymeric chains by photochemical reaction through formation of free radical reactions [5] [7].
Kinetics and Mechanism of Photodegradation of Pure and Blended PVBP Solid Films
From the quenching process for the intensity of excimer fluorescence of irra- 
where [A] = number of (photons/s) absorbed by polymeric chromophores.
t = time of irradiation in s.
PQ k′ = rate constant.
In the photo-quenching processes, if we assume that the number of photons released from the light source and absorbed by polymer chromophores is constant (A), Then according to (Equation (1)), we can write: 
According to Equation (2) Figure 5 . . Blending with DBP showed a higher photo quenching rate constant than in blending with other phthalate or terephthalate plasticizers.
As can be seen from Figure 4 and Figure 5 , the photo-quenching efficiencies From Figure 5 and Figure 6 , the photo quenching rate constants in blending with phthalate plasticizers are higher than that obtained in blending with terephthalates plasticizers. The order of increase in photo quenching by blending with terephthalates plasticizers is DOT, DET and DMT, whereas in blending with phthalate plasticizers, DOP showed a higher efficiency of photo-quenching from the photo-oxidation of irradiated plasticized polystyrene films [3] .
From the data in Figure 5 and Table 2 . As can be seen from Table 2 , blending PVBP films with phthalate and terephthalate plasticizers, gave a lower values for the photo-quenching rate constant in comparison with that for pure polymer. It was found that the parasubstituted group in the phenyl ring of the monomer and the structure and bulkiness of the used plasticizer molecule play a big role in the photo-quenching and photo-stability of plasticized polymers [9] [10]. Furthermore, the photostability of polymer chains was found to depend on the above mentioned factors as well as the UV-exposure time. It has been reported previously that the presence of plasticizer molecules in polymer matrix caused lowering in the activation energy during the photodegradation of poly (fluorostyrene) isomers films [23] [24], and was attributed to the lowering in the charge transfer character of the excimer conformation. It was also found that the main process resulted from irradiation of blended polymer film in presence of air, were photo-oxidation of polymeric chromophores as well as chain scission and crosslinking processes The effect of the increase of percentage of added plasticizers to the photodegradation process and to the photo-quenching rate constant is shown in Figure 8 .
As can be seen from Figure 8 , the increase in amount of added plasticizer caused a decrease the photo-quenching rate constant of irradiated polymer chains and found to depend upon the structure of the used plasticizers, and also on the amount of added plasticizers.
From the data obtained for irradiated pure and blended PVBP solid films, we can notice that the photostability of PVBP is similar to that of polystyrene. This fact can be explained as phenyl ring substitution (as an inert group) in the para position of the styrene monomer increases the photostability of PVBP polymer towards irradiation. On the other hand, the phenyl substitutions make the hydrogen abstracting process during the irradiation process as a difficult process.
FT-IR Spectra for Non-Irradiated and Irradiated Pure and Blended PVBP Solid Films
In order to confirm the presence of photo degradation in the irradiated pure and blended PVBP films with different amount of doped phthalate and terephthalate plasticizers, FT-IR spectra were recorded of non-irradiated and irradiated films under atmospheric oxygen, and at 298 K. Figure 9 shows the FT-IR spectra of non-irradiated and irradiated for (0.0 and 120 min) of pure PVBP solid film, and were recorded immediately before and after irradiation.
As can be seen from Figure 9 , chemical changes were assessed by FT-IR spectra for photo-irradiated pure solid film. These changes of decrease in absorbance for some bands, increase in other bands and red shift in the absorption of many bands, are corresponding to the photo-oxidation and photodegradation of PVBP polymeric chains. It was noted that the most demonstrated trend is the increase of the absorbance bands that were resulting from polymer chains photodegradation, are shown in Table 3 .
As can be seen from Figure 9 and Table 3 , resulting from the polymer chains photodegradation. Rabek and Ranby have assigned the absorption band at 3440 cm −1 to the increase in the photo-oxidation of benzene rings and to the decrease in aromacity in the polymer sample [3] . They have reported during irradiation of polystyrene films, three cases of oxidation of the benzene ring being observed.
The formation of benzyl acetophenone chromophores; acetophenone structures;
and conjugated double bonds, were the main products resulted from the photooxidation of polystyrene films. The same observations were observed in the UV-irradiation of Substituted polystyrene in solid films [19] [44]. Figure 9 shows the FT-IR spectra of non-irradiated and irradiated for (0.0 and 120 min) of blended PVBP with (10% DOT), (10% DET) and (10% DMT) in solid films at irradiation wavelength of 288 nm.
As can be seen from Figure 10 and Figure 11 , irradiation of PVBP blended films in the presence of air with (10% added plasticizers), caused photodegradation The increase in the intensity, decrease in the intensity and red shift in position of FT-IR absorption bands for pure and blended PVBP with (10.0% wt.) DOT, DET and DMT are summarized in Table 4 and Table 5 .
As can be seen from Table 5 , the increase in intensity of the absorption bands and the small red shift in these bands upon blending with these plasticizer can give good indication that there is a change in the photo-product resulted from irradiations.
As can be seen in Figure 10 and Figure 11 , the photo-oxidation of polymeric chains of pure and blended PVBP films, leads to increase in the absorption intensity in the bands at 1716 cm These bands were assigned to the formation of more conjugated double bonds as well as the formation of carbonyl containing compounds. It is more likely that plasticizer molecule initiate free radicals-photochemical reactions that accelerate the photodegradation and photo-oxidation process. , may well indicate that aromatic units lose their symmetry throughout the photo-oxidation process.
FT-IR
3) The formation of broad band between (2800 cm −1 and 3050 cm an increase in the intensity of the absorbance is observed throughout the increase in irradiation times of the polymer, which becomes higher in the case of Materials Sciences and Applications blended polymer films. Well-defined maxima appear in the spectra, as shown in Table 3 and Table 4 . Major increases at 1455 cm −1 , and 1114 cm −1 could suggest the formation of mono-substituted benzene rings [7] [9].
5) The presence of the absorption band at 825 cm −1 , as can be seen in Figures   9-11 , may suggest the formation of conjugated double bond sequences in the main polymer chain during the irradiation process.
Conclusions
1) The irradiation of pure and blended PVBP films with different amount of added phthalate and terephthalate plasticizers in presence of air increases the photo-degradation of irradiated PVBP films. The efficiency of photo degradation was found to increase with the increase in the bulkiness of used plasticizer, and this can cause a decrease in the stability of the energy transfer complex between polymer structure and the added plasticizer molecule.
2) The irradiation process to pure and blended PVBP films at 288 nm resulted in a decrease in the intensity of excimer fluorescence, changes in the shape of the fluorescence spectra and a small increase in the red shift of the fluorescence band maxima. This indicates that absorbed light energy caused photodegradation of polymeric chains and was accelerated by the presence of air. 4) The decrease in the intensity of the absorption band at 3441 cm −1 with the increase in irradiation time for pure and blended polymer films indicates that the decrease in aromacity of the polymer chromophores through the oxidation of benzene ring and the formation of carboxylic acids group [41] . 5) According to the obtained results on the photo-oxidation of PVBP films, chain scissions are the initial degradation process and were enhanced by plasticization. Polymers degradation is normally affected by light energy as well as by thermal heating by the environment. It is important for future study is the use these combined techniques to obtain data on the analysis of the nature of photoproducts resulted from the degradation process, and to conclude the type of mechanism of degradation. Thermal degradation of PVBP films is under investigations, and will be reported shortly.
